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Will we ever be able to create every tissue of human body?
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Cells of our body
There is about trillion to quintillion cells in human body, divided into more than two hundred cell types. Only one of those types differs from others by two special abilities, though. This type is called human embryonic stem cells (hESC). hESC are found in in human embryo and they are outstanding because of their two abilities – pluripotency and unlimited self-renewal ability. Pluripotency in biology means differentiation into all possible cell types. Differentiation is a process of specialising the cell to particular cell type, differentiating the unspecialized hESC into liver cell with all its specific functions, for example. The ability of self-renewal gives the hESC option to sustain current status without fear of mutagenic changes.
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Human being is a tripoblasty – organism with three germ layers. hESC (2) are isolated from blastocyst – a structure formed in the early development of human (1). hESC can subsequently differentiate (3) in endoderm (4), ectoderm (5) or mesoderm (6) – three germ layers creating the whole human body.

Picture 1: Pluripotency
Since their discovery, hESC represent an important chapter in the field of research for medical purposes. Thanks to their features we could someday be able to easily create or reproduce any tissue of our bodies. Furthermore are hESC more genetically stable than other (differentiated) cells of human body and as such, they give us bigger security in transplanting organs and tissues. So where is the problem then?
Cultivation of hESC and problems with it connected
For exploring and working with hESC it is necessary to get an enormous number of them. hESC are acquired in rigorous terms from excess embryos in centres of assisted reproduction. For medical purposes we expand cells in vitro – in laboratory. This process is called cultivation.
How does cultivation look like?

Cultivation has to be conducted in strictly sterile conditions. During manipulation with hESC researcher must wear germfree laboratory suit including footwear, surgical mask and laboratory safety gloves purged by 70% alcohol. Cells are cultivated in incubator at 37°C and entry of 5% carbon dioxide. Manipulation with hESC is running in sterile boxes with ultraviolet (UV) lamps. UV light there should remove potential undesirable microorganisms. For in vitro cultivation  cell-culture dishes (so-called Petri dish) are usually used, with special superficies customized for adhesion (cling) of hESC. Every day cells must have their cultivating medium changed. Cultivating medium provides nutrients essential for cells to grow and divide.
Cells must be cultivated on cultivating base providing grow factors and tacking the cells to the Petri dish. Two different substrates can be used – supportive layer of different auxiliary cells or acellular matrix. In the course of cultivating on supportive layer inactivated mouse embryonic fibroblasts (cells of connective tissue) are added. Fibroblasts then give important proliferation and grow factors to hESC. The inactivation of the mouse tissue is done by high levels of ionizing radiation causing its successive indivisibility. During in vitro cultivation on mouse fibroblasts hESC are occurring in colonies (picture 1A).
If more cells are needed, the second method of cultivating can be used – in vitro cultivating on acellular matrix such as MatrigelTM. MatrigelTM is an extracellular substance derived out of mouse sarcoma (malignant tumour of connective tissue) with addition of proteins. hESC cultivated on MatrigelTM are planar in coherent layer (picture 1B).
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A – supportive layer of cells - fibroblasts (protracted visible shapes)

B – acellular matrix - MatrigelTM
Picture 2: Comparison of look of cells on different cultivating substrates
However, during in vitro cultivation, cell is affected by many inner and outer factors, which can cause its damage. Example of endogenous stress factor can be a mistake in replication phase of deoxyribonucleic acid (DNA). Exposure to UV light or chemicals are examples of exogenous stress factor. 
The cell is trying to protect itself against all forms of the DNA damages within its whole life with its control mechanisms. Despite it some errors can still occur. To correct those errors of DNA cell uses DNA repair mechanisms (DNARM). There are several DNARM, two of which are occurring in hESC in higher level comparing with other cell types. First of those DNARMs is base excision repair (BER), the second is homologous recombination (HR). 
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Unimpaired DNA (1) is affected by endogenous or exogenous stress factor, which cause its damage (2). If this damage is too complicated cell choose the way of programmed cell death - apoptosis (3b). Damaged DNA is in most occurrences fixed by repair mechanisms (3a). If the process of DNA repair went out good, the DNA is reliably rectified (4). In case the repair mechanisms fail, genetic stability declines and mutations in cell arise (5). 

Picture 3: Cell reaction on stress factors
For potential use of hESC in reparative medicine it is requisite to ensure security and genetic stability of the to-be transplants. Unfortunately, during cultivation hESC are adapting to in vitro conditions and getting genetic changes – causing genetic instability increase. hESC with changed DNA might have tumorigenic character and attributes very similar to cancerous cells. In case of using such cells in clinical practice a danger of creation a tumour in patient body rises noticeably. This is what makes hESC impossible to be used for the time being.
Why does genetic instability increase?

Genetic instability can be caused by the decrease of DNARM activity. For the two main repair mechanisms; it was proved that activity of BER is lower with long-term cultivation of hESC, while efficiency and number of key proteins of HR is unvarying even during prolonged in vitro cultivation. As everything suggests, HR assumes the main role in repairing broken DNA in long-term cultivated hESC, though. As a result of that, HR is less dynamic and partly erring DNARM. This could be a reason for genetic instability and higher level of occurrence of mutations in long-term in vitro cultivated hESC. It is necessary to prove or disprove this hypothesis by further experiments. For this purpose chemical inhibitors blocking the activity of HR could possibly be used.
If this theory proves true maybe one day people will be able to reproduce any tissue and organ of human body and treat diseases so far incurable. However, it is still a long-distance run until the use of hESC in clinical practice becomes daily bread.
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